Objective: Cell phone text messaging reminders offers the promise of an efficient technology for the management of chronic diseases, such as asthma. This review aims to evaluate the effectiveness of text message reminders in improving medication adherence for asthma compared to usual care. Methods: Randomized controlled trials assessing the effect of text message reminders on adherence to asthma medication were identified from PubMed, Medline, Web of Knowledge EBSCOhost, OvidSP, PsycINFO, and Cochrane Central Register of Controlled Trials and Cochran Health Technology Assessment databases. Literature searches were restricted to the English language, and no restrictions were imposed on the year and country of publication. Results: Five studies that were deemed relevant to the systematic review were identified from the literature search. Findings on whether text message reminders improve medication adherence were mixed. However, the review indicates that text-messaging interventions were effective as a means of addressing forgetfulness by reminding patients to take their medications. Conclusion: This review adds to the body of literature reviewing the effectiveness of emerging technologies in the management of diseases. Despite the fact there is limited evidence across the population of studies to support the effectiveness of text message reminders, such technology represents an important tool to achieve optimal medication adherence among asthmatics.
INTRODUCTION
The number of people with asthma continues to grow worldwide. 1 According to the Centers for Disease Control and Prevention, 1 in 13 people has asthma. 2 Each day, ten Americans die from asthma, and in 2015, 3,615 people died from asthma. Many of these deaths are avoidable with proper treatment and care. 2, 3 Medical and absenteeism costs of asthma represent a significant economic burden for states, and these costs are expected to rise. 4, 5 The annual economic cost of asthma is more than $81.9 billion in the U.S. -including medical costs and loss of work and school days in 2013. 6 Treatment of asthma is achieved through medications that can be administered using different delivery devices, with diverse therapeutic mechanisms of action.
The World Health Organization defines adherence as "the extent to which the person's behavior (including medicationtaking) corresponds with agreed recommendations from a healthcare provider." 7 Medication adherence includes the initiation of the treatment, implementation of the prescribed regimen, and discontinuation of the pharmacotherapy. 8 Assessments of adherence rates to asthma medications show variable results due to the wider variations in methods used. However, there is a broad agreement that poor medication adherence is a common occurrence among adults and children with asthma. 9 Poor adherence to asthma medication has also been linked to successive hospitalizations, as well as increased morbidity and mortality. 10 Despite the controversy regarding the exact number, the reported rates of non-adherence range from 30 to 70 percent, 11 and about 50 percent of the time asthma patients receiving long-term therapy fail to take their medication as prescribed. 7 Several theories have been suggested to explain the reason some individuals with asthma may be non-adherent to their medication regimen. Adherence to asthma medication is influenced by complex socioecological and psychological factors, 12 and non-adherence may be intentional or unintentional. 13 Intentional non-adherence can be attributed to beliefs, emotions, and preferences. 14 For instance, if patients perceive the cost/burden of taking medicine to outweigh the benefit, the patient may hesitate to continue taking medications as prescribed. 15 Unintentional non-adherence is linked to limitations in capacity, forgetfulness, or resource constraints. 14 For instance, if patients perceive the cost/burden of taking medicine to outweigh the benefit, they may intentionally not adhere to medication prescribed. 15 Healthcare professionals have found the importance of learning about the individual's behavior, cultural beliefs, financial ability to purchase medication, and knowledge of asthma when trying to improve adherence. 16 While cultural factors and individual characteristics play a role in adherence, forgetfulness is one factor that can be easily influenced. 17 Thus, a means to remind patients to take their medicine and to refill their prescription may be an effective way to overcome the obstacles of "forgetfulness." 18, 19 Asthma is a condition for which effective self-management has been shown to improve the patient's quality-of-life and also reduce the persistence and progression of the disease. 20 The behavioral strategy of self-management component directly uses techniques such as reminders, contracting, and reinforcement. 21 The reminder techniques are found to be significant in increasing medication adherence. 22 In recent years, text messages, also known as Short Messaging Services (SMS) based interventions have emerged as a strategy to improve health outcomes and individual health behaviors. 23, 24 The increase in cellular phone usage drives the suitability of text messages reminders, with 95% of the American population owning a cellular phone of some kind. 25 Typically, text messages are delivered to the individual's cellular phone either once a day or multiple times per day to remind them to take their medication at the prescribed time. The text message might prompt the user for a response, as this has been shown to improve compliance with medications in several chronic conditions.
Text message reminders are reported to be innovative, less costly and effective methods for improving medication adherence. The effectiveness of text message reminders in increasing medication adherence was shown in studies for HIV, 26 malaria, 27 oral contraceptive use, 28 and sunscreen application. 29 Evaluating the effectiveness of text message reminders for medication use as an intervention could provide insight to providers as to whether this method is worth adopting.
Furthermore, reminders may help increase medication adherence, improve health outcomes, and decrease healthcare costs. The objective of this systematic review is to evaluate the impact of text message reminders on medication adherence among patients with asthma.
METHODS

Search Strategy
To identify text messages reminders and asthma medication adherence studies, the following electronic databases were searched without considering dates of publication: PubMed, Medline, Web of Knowledge EBSCOhost, OvidSP, PsycINFO, and Cochrane Central Register of Controlled Trials and Cochran Health Technology Assessment databases. Electronic database search was supplemented by manually searching the reference lists of articles that were retrieved electronically to identify additional studies. The keywords used to identify the relevant articles are listed in Figure 1 . The authors evaluated each of the articles independently for inclusion based on the preset criteria and they resolved disagreements by discussion.
Inclusion Criteria
Randomized studies and before-and-after studies on text message reminders for asthma medication adherence were included. The text message reminders were to be sent to the patient by means of integrated automated services or directly by health professionals. No study was excluded based on date and country of publication. Only studies that were published in English were considered. Studies must have reported the impact of text message reminders on asthma medication adherence compared to other interventions such as usual care, counseling, phone call reminders, etc. The primary outcome measured by the study had to be medication adherence. Medication adherence could be assessed either as direct or indirect measures. The direct medication adherence includes measurement of the level of medication or metabolite in the blood and measurement of the biological marker in the blood. 30 The indirect medication adherence includes patient selfreported, pill count, rates of prescription refill, patients' diaries, clinical response, and others. 30 This review included people of all ages that were clinically diagnosed with asthma.
Data and Analysis
First, the title and abstract of retrieved studies were screened for relevance. Second, full-text papers were examined to assess fulfillment of the inclusion criteria. Figure 1 provides detailed information about the numbers of studies identified, included and excluded and the reasons for exclusion.
RESULTS
Study Characteristics
A total of 115 articles was initially retrieved from the literature search. Of the 115 titles reviewed, 5 were deemed relevant for full-text screening. The characteristics of selected studies are presented in Table 1 .
Study Outcomes
Britto et al., 2012 examined the feasibility, acceptability, and utility of a text messaging system for teenagers with asthma. 31 This text message system was used as means to allow teenagers to control and generate their own medication reminders sent through mobile phones. All 23 eligible patients were assigned to either the intervention or the control group, with 19 of the 23 participants completing the study. The method employed by this study placed 12 teenagers into a study group where the teenagers were able to create and control the text messages. The study did not conclude on whether or not the text messages improved adherence to the asthma medication.
Ostojic et al., 2005 assessed the used of text message reminders as a novel means of telemedicine in peak expiratory flow (PEF) monitoring . 32 In their study, 16 asthma patients were randomly assigned to either the SMS group (N = 8) or the control group (N = 8). After a 16-week follow-up period, the study concluded that the study group (receiving SMS) better controlled their asthma. Although patients were compliant in reporting daily PEF, the daily medication adherence was poor. There was no significant difference between the SMS group and the control group in medication adherence. In the SMS group, the value of forced expiratory volume in one second (FEV1), increased (81.25±17.31 vs. 77.63±14.08, p = 0.014) whereas, the control group showed no change. No significant pre-treatment or posttreatment difference was observed between the group receiving text messages and the control group in the mean FEV1. In comparison to the group receiving text message, the control group had higher symptom scores but not for wheezing or limitation of activity. Strandbygaard, et al., 2009 assessed the impact of receiving daily cell phone text reminders on adherence to asthma treatment . 33 In their study, participants were recruited using a local newspaper, and 54 participants responded to the advertisement. The inclusion criteria included a diagnosis of asthma based on clinical history and daily symptoms, ranging from ages of 18 to 45, and positive methacholine challenges test with PD20 ≤ 4µmol. Participants with other comorbidities and smoking history more than 10 years were excluded from participating in the study. After the exclusions, 30 participants met the inclusion criteria and were enrolled in the 3 months follow-up study. The study group consisted of 26 patients between the ages of 18 and 45 years of age, who received daily text messages. The investigator monitored the patients with 3 clinical examinations at week 0, 4, and 12. At week 0, all patients received 1 dose twice daily of the following treatments: inhaled corticosteroids (ICS), and long-acting β2agonist (LABA), in combination. All participants received education on the necessity of treatment, knowledge of the disease's mechanisms, and correct inhaler technique. At week 4, the patients were randomly assigned to either the intervention group [receiving SMS every day at 10 a.m until week 8 (N= 12)] or the control group [i.e., not receiving SMS (N= 14) ]. Each group had 2 participants who did not complete the study. At week 4, all participants received a prescription for their treatment. Between weeks 8 and 12, the participants were asked to bring their asthma medication for dose count (i.e., to measure adherence). The visits also included an interview by the author, a measurement of nitric oxide, lung function, and airway responsiveness to inhaled methacholine. Adherence rates in the text message group increased from 77.9% in week 4 to 81.5% in week 12. This is in contrast to the control group, in which a decrease in adherence was observed (e.g., 84% to 70%) during the same time frame. The authors indicated that the text message reminders might lead the participants to have a higher awareness of asthma control by implementing the awareness in their daily routine. The study was limited by a small sample size and a short follow up period. A longer follow up period may be required before any unambiguous conclusions.
Petrie et al., 2011 investigated whether text message reminders targeted at changing patients' illness and medication beliefs would improve adherence in young asthma patients by. 34 The study focused on 216 patients between the ages of 16 and 45 who responded to an advertisement. However, only 147 patients were eligible and received the consent form and baseline questionnaire. Eligible patients were randomly assigned to either the study group (SMS group) or the control group (usual care). The study group received text messages for a total of 18 weeks. At the 18-week follow up, the SMS group showed improvement in adherence, as well as asthma-control belief compared to the control group. Improved adherence for the follow-up period compared to the control group showed an improvement in medication adherence and asthma control belief.
MacDonell et al., 2016 conducted a pilot study of a multicomponent, technology-based intervention promoting medication adherence in African-American emerging adults. 35 The program studied clinically significant differences in adherence of patients with personalized adherence text messages received by the intervention group verses generic text messages received by the control group. Patients from the age of 18 to 29 years of age, African American, clinically diagnosed asthma with prescribed asthma controller medication, cellphone with texting, <80% adherence in the past 30 days, and Asthma Control Test score of score <19 were included in the study. Exclusion criteria included pregnancy, inability to understand written or spoken English, having another serious medical condition requiring regular medication, and/or an active psychiatric disorder that would interfere with study participation. A total of 49 patients were randomized into control group (N=24) and intervention group (N=25). The study found that changes in medication adherence and asthma control from pre-to post intervention favored the intervention, particularly for decrease in asthma symptoms, t (42) = 2.22, p < .05 (Cohen's d = .071). The authors also highlighted that the study is a pilot, and the outcomes may change should it be replicated with a larger sample size, and an advanced analytical approach.
Discussion
The purpose of this systematic review was to evaluate the effectiveness of text message reminders on medication adherence among patients with asthma subscribed to text messages compared to those not subscribed. In the reviewed studies, the intervention group received a text message reminder on daily prompting to take medication as prescribed. Findings from this systematic review indicate that there are limited data on the effectiveness of text message reminders for improving patients' adherence to asthma medication. Despite limited data, evidence to date suggests that text message reminders are an important tool to achieve optimal medication adherence among asthmatics.
The findings are also supported by another review. 36 While both systematic reviews are similar with coinciding conclusions, there are differences to be noted. Tran et al. focused their analysis on several forms of telemedicine reminders such as pagers, text messages, and telephone calls; whereas, our study focused on just the impact of text message reminders. 36 The primary endpoint for both systematic reviews was medication adherence; however, Tran et al. also evaluated long-term outcomes such as quality of life, symptom control, pulmonary function, and perceptions of illness. While Tran et al. concluded no benefits in improving quality of life, symptom control, or pulmonary function with telemedicine reminders, both systematic reviews are in agreement that adherence of asthma medications can be improved with the use of text message reminders.
The use of text message reminders to increase medication adherence, self-management of disease, and behavioral change is becoming an essential part of patient care. The effectiveness of text message reminders in improving medication adherence was exhibited in other clinical disease states and medical conditions including diabetes, 37 severe mental illness, 38 acute coronary syndromes, 39 and HIV. 26 Inherent in all systematic reviews, our study has some limitations. First, studies included in this review did not report reliability and validity. Second, the studies had short follow-up periods (4 weeks to 9 months). Short follow-up periods may conceal the true effect of the text message reminds on medication adherence. Thirdly, the results of the studies included may not be generalizable to the entire population of asthmatics mainly because these studies only included persons under the age of 45 years without consideration of older populations. 32, 34 Also, sample sizes were small, with one study having an intervention group size of only 8 participants. [32] [33] [34] Strandbygaard et al. pointed out that the intervention groups that received the text messages could have also received additional care that as a result led to the increase in adherence, not text messages alone. 33 Direct comparison of different interventions aiming at improving medication adherence may have been more beneficial. Such intervention may include of one-way text messaging (sending text message reminders only) compared with two-way text messaging (sending reminders and receiving replies confirming whether the medication has been taken). Notwithstanding the limitations, there is a reason to expect that the evidence provided in this review would support the effectiveness of text message reminders on medication adherence among asthmatics in future trials.
CONCLUSION
Text message reminders can be important in ambulatory care settings and easily implemented in routine clinical practice without much additional time or resources to help patients take their medications as prescribed. Further research is needed to provide evidence regarding the effectiveness of text message reminders as a potential method for improving medication adherence. Specifically, studies with larger sample sizes, different age groups, and comparable intervention methods may provide a precise measure of the effectiveness of text message reminders on enhancing medication adherence. Moreover, future studies aiming at different sociodemographic groups would be more insightful to identify any sources of socioeconomic and demographic variation. Finally, the knowledge from this seminal systematic review is highly important to the practice of pharmacy and provides an opportunity to recognize the profound impact of pharmacy services on public health.
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